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Abstract-High quality nickel films were electrodeposited 
directly onto n-GaAs using galvanostatic control. It was seen 
that by varying the current. density the crystallographic 
orientation of the films could be controlled. For a current 
density of 15 mA/cm2, a highly dominant (220) crystallographic 
orientation was obtained. Magnetic measurements revealed a 
strong uniaxial anisotropy in these films. Moreover, Kerr 
spectroscopy measurements (1.4 to 4.5 eV) showed an enhanced 
Kerr rotation of -0.17' at 3.2 eV, which may be attributed to the 
strong magnetic anisotropy and the exceptional crystal quality of 
the films. 
Index Terms-Anisotropy, Electrodeposition, GaAs, Magneto- 
optical Kerr spectroscopy, Nickel. 
I. INTRODUCTION 
Electrodeposited metal films on 111-V semiconductors have 
been thoroughly investigated for their technological relevance 
as Schottky barriers. Several metals such as Pt, Pd, CO, and 
Ni have been investigated [ 11. However, the magnetic 
performance of the ferromagnetic materials was not of 
primary relevance at that time. In this work, we have studied 
the relationship between the growth conditions of the 
magnetic material and the magnetic properties of the deposits. 
A better understanding of this relationship can lead to 
interesting physical applications of electrodeposited films 
grown on semiconductors, in particular for spin-injection, 
spin-valve like electrodeposits [2,3] and for controlling and 
inducing magnetic anisotropy within these types of films 
[4,51. 
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Magnetic properties of these electrodeposited Ni films 
were investigated using hysteresis loop measurements and for 
probing the electronic and physical structure of magnetic 
materials and to our knowledge has not previously been used 
magneto-optical Kerr spectroscopy. Magneto-optic Kerr- 
effect spectroscopy provides a unique experimental technique 
for probing the magnetic characteristics of such 
electrodeposited films. 
11. EXPERIMENTAL 
A. Sample Preparation 
An ohmic contact was made to the back of n-type (100) 
GaAs wafer pieces using GaIn. Electrical contact was made to 
this and the surfaces covered with Kapton tape to leave an 
exposed area of around 1 cm2. Prior to electrodeposition the 
oxides on the GaAs surface were removed by dipping into an 
ammonia solution followed by rinsing in distilled water. The 
sample was then placed directly into the electrolyte. The 
electrolyte used in this work was based on that by Takai et al. 
[6] and consisted of 0.2 mol/dm3 NiS04.6Hz0, 0.4 mol/dm3 
H3B03, 0.28 mol/dm3 NH4C1 and 0.01 g/1 Na lauryl sulfate. 
The pH of the solution was 3.9. The electrolyte was chosen to 
have a low Ni ion concentration and is thereby suitable for the 
fabrication of single crystal Ni films. Previous work has 
shown that by using a dilute electrolyte single crystal films of 
Ni-Cu alloy could be obtained [7]. 
A three-electrode configuration was used with the sample 
as the working electrode, a Pt gauze as the counter electrode 
and a SCE as the reference electrode. The reference electrode 
was placed in a separate compartment and a salt bridge fitted 
with a lugin capillary tube was used to bridge the two 
compartments. All the depositions were performed at room 
temperature. The solution was stirred with a rotation speed of 
250 rpm. Galvanostatic control was used and the chosen 
current densities ranged from 5 mA/cm2 to 20 mA/cm2. 
Faraday's law was used to calculate the thickness of the films, 
since thickness is proportional to the charge. Current was thus 
applied between the working electrode and the counter 
electrodes for a certain time to achieve films of thickness 100 
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nm. The films were grown directly onto the GaAs without a 
buffer layer. 
B. Characterization 
The structure of the films was determined using X-ray 
diffraction 8-28 scans, which covered the range from 20' to 
100". An alternating gradient force magnetometer ( A G M )  
was used to measure the magnetization curves of the samples 
and thus to determine if any anisotropy was present in the 
films. Magneto-optical polar Kerr effect spectroscopy was 
used to measure wavelength dependence of the Kerr rotation. 
A Xe-arc light source and a monochromator were used for the 
latter technique and a maximum magnetic field of 0.9 T was 
applied in order to saturate the films. The photon energies 
ranged from 1.5 to 4.5 eV. The measurements took place at 
room temperature. 
111. RESULTS 
Figure 1 summarizes the crystal orientations found from X- 
ray diffraction as a function of applied current density. The 
peak heights corresponding to the crystal orientations have 
been normalized with respect to GaAs (400). Although for all 
current densities there is a preferential (220) texture, it is seen 
that for the higher current densities the [220] direction 
becomes the dominant growth direction. It can be seen that 
for the lower current densities there is an increased 
contribution from other orientations namely (1 11) and (200) 
diffraction planes. 
For the film grown with a current density of 15mA/cm2 the 
only peaks observed were those corresponding to the [200] 
and [220] growth directions, with [220] being the dominant 
growth direction and with only a very small [200] 
contribution. This indicates that the film has an epitaxial 
relationship with the substrate of the form [Ol  11 Ni parallel to 
[OOl] GaAs with a few crystals having an alternative epitaxial 
relationship of [OOI] Ni parallel to [OOI] GaAs. This is in 
agreement with other studies of electrodeposited Ni films 
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Fig. 1. Variation of the crystal orientation within Ni, 1 OOnm on GaAs grown 
at different current densities. The X-ray peak heights are normalized to the 
GaAs (400) peak and are plotted on a log scale. 
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Fig. 2. Hysteresis loops showing easy and hard axes characteristics along the 
[0 1 11 and [OI 11 GaAs crystallographic directions respectively for a 100 nm 
Ni film, deposited directly onto GaAs with a current density of 15 mA/cm* 
directly onto GaAs [8,9] where such an epitaxial nature has 
been observed. The sample is not wholly single crystal since 
the (011) Ni lattice planes have 2-fold symmetry whereas 
(001) GaAs has 4-fold symmetry, which indicates that there 
are 4 possible orientations of the Ni crystals. Allemand et al. 
saw that the in-plane structural relationship is of the form 
[111] Ni parallel to [Oll] GaAs which gives a lattice 
mismatch of 1.8% for such an epitaxial relation. 
A strong uniaxial magnetic anisotropy was observed in all 
the films and an example of a magnetic hysteresis loop is 
shown in fig. 2. Hard and easy axes are seen at 90" to each 
other. The easy axis is found to be parallel to the [0 111 GaAs 
direction and the hard axis parallel to the [ O l l ]  GaAs 
direction. Such strong anisotropy has previously been 
reported in electrodeposited Ni-CO-Cu thin films on n-GaAs 
[5] but to our knowledge, anisotropy in electrodeposited pure 
Ni thin films on GaAs has not been previously reported. 
The reason for such strong anisotropy is unclear. One cause 
could be ascribed to the crystallographic orientation of the Ni 
on the GaAs. However, as mentioned above it is likely that 
the in-plane directions for Ni are (1 11) lattice planes parallel 
to the (011) GaAs lattice planes, which leads to 4 possible 
orientations of the Ni crystals on GaAs. For bulk Ni the [ 11 11 
is known to be the easy axis and since there are 4 possible 
orientations of the Ni crystal this most likely to lead to a 4- 
fold rather than 2-fold anisotropy. 
The Kerr spectrum, presented in fig. 3, is for a Ni film on 
GaAs, grown with a current density of 15 mA/cm2. A local 
minimum in Kerr angle at 2.3 eV and a maximum, large Kerr 
rotation of -0.17' at 3.2 eV are seen. All the Ni films grown 
with current densities greater than 10 mAcm-2 gave the same 
maximum value of Kerr rotation. This maximum value is 
greater than the Kerr rotation expected for a bulk Ni sample, 
which is -0.145' at 3.2eV [IO]. For a current density of 5 
mAcm-* the maximum Kerr rotation is much smaller. It has 
been previously 'demonstrated that magneto-optical 
spectroscopy is a useful electronic and physical structure 
probe of magnetic materials. It was shown that subtle changes 
in the structural and chemical order as well as changes in the 
crystallographic properties can substantially affect the 
magneto-optical spectra. For example, a 40% change in Kerr 
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Fig. 3. Kerr rotation data as a function of photon energy for 100 nm Ni films 
grown by galvanostatic control with current densities of 5 mAcm” and 15 
mAcm-’ respectively. 
rotation for Ni-Co films with a constant composition and 
magnetization was observed when there was a structural 
change from hcp to fcc [12]. Therefore, the reason for the 
enhanced Kerr rotation in our Ni films is most likely due to 
the presence of strong texture in the film, together with the 
strong magneto-crystalline anisotropy. 
\ 
. 
IV. CONCLUSIONS 
Nickel films with high quality were electrodeposited directly 
onto an n-type GaAs substrate without a buffer layer. By 
using a dilute electrolyte and galvanostatic control, high 
quality films could be fabricated. A series of films were 
grown with varying current densities between 5 mA/cm2 and 
20 mA/cm2. The crystallographic orientation of the films was 
found to be dependent on the current density applied during 
growth. With a current density of 15 mA/cm2 films with a 
(220) highly favored crystallographic orientation were 
obtained. For all current densities, a strong uniaxial magnetic 
anisotropy was seen in the films with hard and easy axes the 
being parallel to the primary and secondary flats of the GaAs 
substrate. For current densities larger than 10 mA/cm2 the 
magneto-optical Kerr rotation for these films was found to be 
larger than bulk and which may be ascribed to the exceptional 
crystal quality of the films and the strong uniaxial anisotropy 
observed. 
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